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P0LY1MIDE RESIN LAMINATES 
Cross-Reference to Related Applications 
This application is a continuation-in-part of 
U.S. Serial Ho, 187,158, filed April 28, 1988 

Field of the Invention 

The invention relates generally to cross-linked, heat 
resistant, thermosetting polyimide resins, used in the manufacture 
of laminates for the electronics industry. More particularly, it 
5 relates to a novel polyimide resin which avoids the aromatic 
diamines now in common commercial use. 

Prior Art 

Thermosetting resins prepared from bisimides and 
10 aromatic diamines are in commercial use. In some instances, such 
compositions are prepared as prepolymers and combined with epoxy 
compounds and crossl inked with dicyandiamide or other agents. 

While resins derived from bisimides and aromatic 
diamines perform well in electronic laminates, they have several 
15 disadvantages. If substitute materials could be found that had 
improved performance, contained no free aromatic diamines, were 
less brittle and met UL flarnmabllity rating V-0, they should find 
ready acceptance in the marketplace. 

In commonly assigned application Serial Ho. 850,660 now 
20 abandoned, thermosetting resins are produced by reacting 

bismaleimides (including a prepolymer chain-extended with an 
aromatic diamine) with styrene-terminated bisphenol (and/or the 
tetrabromo substituted compound). It is characteristic of these 
compositions to be blended together, combined with reinforcing 
25 materials, and cured to prepare laminates. Such expositions are 
not chemically reacted until the laminates are formed. Such 
resins are shown to have a desirably low dielectric constant, but 
they exhibit low peel strength and are too brittle and improved 
resins have been sought. 
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In the parent of this application, Serial No. lB7 t 158 t 
an improved thermosetting resins was disclosed which had many 
desirable properties. It has been found that better flame 
retardant properties could be obtained for laminates using such 
5 resins, but the resin-flame retardant combinations have been found 
to have unexpected synergistic properties, as well as seen in the 
discussion which follows. 

Summary of the Invention 

10 An improved thermosetting resin suitable for use in 

laminates for the electronics industry is prepared from (a) a 
bisimide, preferably a bismaleimide, (b) a polyphenol, preferably 
a bisphenol, which may be styrene- terminated (i.e. a vinyl benzyl 
ether of a bisphenol), and (c) dicyandi amide. Additional flame 

15 retardant properties are achieved by including octabromodiphenyl 
oxide in effective amounts while retaining the desirable 
properties of the resin. 

The resin is principally comprised of a bisimide with 
minor amounts of components (b) and (c). The weights of (a), (b), 
20 and (c) preferably will be between 80 to 98X/1 to 10X/0.1 to 10% t 
respectively, most preferably 94 to 98X/1 to 2%/1.5 to 3%, 
respectively, based on the total of (a), (b), and (c). The 
octabromodiphenyl oxide will be added in effective amounts up to 
about 5 weight percent based on the resin. 

25 

Description of the Preferred Embodiments 

The thermosetting resins of the invention can replace 
those made by reacting a bisimide with an aromatic diamine. Such 
resins are polymerized and then cross! Inked by use of 
30 dicyandi amide or related compounds. The present resins, however, 
introduce dicyandi amide as an intrinsic element of the 
composition, and thereby producing a superior laminate, as will be 
seen. 
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Bisimides 

Bisimides are compounds having the general formula 
D(C0) 2 N-A-N(C0}2D where D is a divalent radical containing a 
carbon-carbon double bond and A 1s a Unking group which may be a 
5 divalent radical having at least 2 carbon atoms. Particularly 
preferred are bismaleimlde (BMI) compounds where A comprises an 
isopropyl radical or an ether linkage between two or more phenyl 
radicals wMch are attached to the nitrogen atoms. 

For purposes of the present invention, the bisimide 
10 compound will be selected to provide resins having improved 
toughness, low water absorption, low dielectric constant, and 
excellent thermal resistance. 

Resins of the invention are usually comprised mainly of 
the bisimide, preferably from about BO to 98 weight *, most 

15 preferably 94 to 98 weight percent. Typically, the prepolymers of 
bisimides and aromatic diamines of the prior art contain smaller 
amounts of the bisimides than are employed in the present 
resins. The bisimide can react with the diamine through the 
unsaturated carbon-carbpn bond of the imide ring, but it may also 

20 react with itself in the same manner. In the resins of the 
invention, a further component of the composition is 
dicyandiamide, which 1s more commonly used in other resin systems 
as a cross! Inking agent once the bisimide and diamine have formed 
a prepolymer. The dicyandiamide here is believed to take an 

25 essential, although not fully understood, role in the polymer 
formation and not to be merely a cross-linking agent. 



30 



Dicyandiamide 

This compound has the formula 

NH 



i 



NH 2 CNHON 

It is capable of reacting with the carbon-carbon double bond of 
the bismaleimide to extend the polymer chain. 
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Only relatively small amounts of dicyandi amide are 
required, broadly about 0.1 to 10 wt.X of the resin may be used. 
Preferably, about 1-5 to 3 wt.X would be reacted to form the 
resin. 
5 » Polyphenols 

The polyphenols used in the resins of the invention 
preferably are blsphenols, particularly those within the following 
formula: 




15 where: Z = H, CH 2 - CH-CgH 4 -CH 2 - 

I I I 

E * CH 3 -C-CH 3 , OSO, -0-, HCH t -S-, and a sigma bond 

i i i 

20 

B * H » Br 9 CHj 

Of particular interest are the group consisting of bisphenol A, 
tetrabromobisphenol A t vinyl benzyl ether of bisphenol A, and 
25 vinyl benzyl ether of tetrabromobisphenol A. 

The polyphenols are present in the resin in minor 
amounts, preferably about 1 to 10 wt.%, most preferably 1 to 2 
wt.X 



30 



Composition of the Resin 

A thermosetting resin composition according to the 
invention may comprise (a) a blsimide having the formula: 
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where: 



15 



II 



i 

\ 

N 



C 

II 
0 



II 

A 

v 

II 

0 



20 



A comprises at least one of aUylene radicals having 
1 Z 20 carbon atoms, cycloalkylene radicals having 
4 to 40 carbon atoms, heterocyclic 
radicals containing at least one of 0. S. and M. and 
phenylene or polycyclic aromatic radicals . 
0 is a divalent radical containing a carbon- carbon double 

bond 

(b) a bisphenol, and 

(c) ^cyandiamide.^^ ^ ^ u & 

a nd the thermosetting resin composition may comprise (a) a 
bismaleimide having the formula: 



25 



30 



/ 



0 



/ 



/ 
\ 



/ 
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where: A is -CgH 4 -CH 2 -CgH 4 - , 



CH 3 

I 

-C 6 H 4 -C-C 6 H 4 -, 
I 

CH, 



CF 3 
1 

-CgH 4 -C-CgH 4 - , 

I 

CH, 



10 



15 



20 



-C 6 H 4 -0-C 6 H 4 -0-C 6 H 4 -.-^0 




-C 6 H 4 -C 6 H 4 -, -C 6 H 4 -, -C 6 H 3 CH 3 -. 



CF 3 

I 



0 

I! 



_C 6 H 4 -0-C 6 H 4 -C-C 6 H 4 -0-CgH 4 - , -CgH 4 -C-CgH 4 -. 

I 

CF, 



0 

II 



-C 6 H 4 -CH 2 -0-CH 2 -C 6 H 4 -. -C 6 H 4 -S-C 6 H 4 -. -C 6 H 4 -0-C 6 H 4 

II 



25 



30 



CH 3 CH 3 

I I 
C 6 H 4 -C-C 6 H 4 -C-C 6 H 4 -. 

I I 
CH 3 CH 3 



CH 3 




CH 



C— CgH 4 - 



CH„ CH 



CH 3 CH 
I 

C 
I 

CH, CH 
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CH 3 

I 

-C 6 H 4 -0-C 6 H 4 -C-C 6 H4-O-C 6 H 4 - 

I 

CH 3 



Rl . R 2 , R 3 . *4 ' H. CH 3 . C 2 H 5 . C 3 H 7 . C4H9- ^11 
and the bisphenoT has the formula 



10 





where: Z - H. CH 2 « CH-C 5 H 4 -CH 2 - 

15 

! I 1 . 

E - CH 3 -C-CH 3 , 0S0. -0-. HCH. -S-. and a sigma bond 

I .1 1 

20 ru 

B • H, Br, Cn 3 , . covalent 

.. two term "sigma bond reTers v« «» 

- W "^^,1^- »rrespo*s to . MiP^o! 
bond between the aromanc rmy» 
wMch the aromatic rings are directly Joined. 
25 The resin composition n*y comprise 1-10 -1. of (a). 

« t« 1 mols of (b), and greater than zero to 2 
greater than zero to 1 mo is or 

mols of (c). - 

Hrtlontly preferred th °" " MCh 

have bismaleimides where A is 
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CH 3 



-C 6 H fl -0-C 6 H 4 -C-C 6 H 4 -0-C 6 H 4 - or -C 6 H 4 -CH 2 -C 6 H 4 - ; 



5 CH 3 

R l» R 2* R 3» R 4 are each H; and bis P hen ° ls where Z is H or 

I 

10 CH 2 « CH-C 6 H 4 .CH 2 -; E is CH 3 -C-CH 3 ; and B is H or Br. 

! 

Flame Retard ants 

Use of bisphenols containing bromine improves flame 

15 retardant properties of laminates prepared from the above 

described resins. For some compositions and for some end uses it 
may be necessary to add additional flame retardants in order to 
meet required tests. The inventors have discovered that, contrary 
to experience with epoxy-based laminates, that bismaleimide-based 

20 laminates respond differently to the addition of bromine 

containing compounds. In particular, certain compounds are not 
sufficiently effective and/or may adversely affect other 
properties of the laminates. Generally, the amount of bromine 
present in the finished laminate does not predict the results of 

25 the usual flamrnability tests. It has been found that 

octabromodiphenyl oxide is capable of providing laminates which 
meet the UL-94 test for flamrnability while retaining the other 
physical properties characteristic of the bismaleimide-bisphenol- 
dicyandi amide resins described above. Sufficient amounts of the 

30 octabromodiphenyl oxide are added to the resin formulation to meet 
the UL-94 test for flamrnability, up to a maximum of about 5 weight 
percent, after which the other physical properties are adversely 
affected. 
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Resin Synthesis 

The improved bismaleimide resins may be prepared by 
reacting the three components 1n a solvent at an elevated 
temperature to form a prepolymer. One convenient procedure is to 
warm a suitable solvent, such as dimethyl formamide (DMF), N- 
methyl pyrrol idone, dimethyl acetamide, acetone, benzene, toluene, 
and the like to a temperature at which the chosen bismaleimide 
will be dissolved, say about 90 to 100*C. the bismaleimide is 
added to the solvent and mixed until dissolved. Then the 
temperature is increased to the desired reaction temperature, 
about 120 to 140 q C, at which time the second and third components 
are added and mixed. The three-component mixture in the solvent 
will be maintained at the reaction temperature for a sufficient 
period of time to partially complete the reaction. Polymerization 
is completed during the manufacture of laminates. The 
octabromodi phenyl oxide 1s added before impregnating the 
reinforcing fibers. 

Use of the Resins 

The resins of the invention may be used to prepare 
laminates for the electronics industry by techniques generally in 
use in the field. Generally, the resins are diluted with a 
solvent and then used to impregnate a fabric with fibers of glass, 
high strength organic polymers, and the like familiar to those 
skilled in the art, and then dried at an elevated temperature. The 
resulting composite may then be laminated with other layers, such 
as copper foil, and then baked to fully cure the finished 
laminate. Such laminates may be used in fabrication of printed 
circuit boards having improved properties. 

In the following examples, unless otherwise specified, 
the resins were prepared by this procedure. Dimethylformamide 
(DMF) wa* added to a glass flask and heated to 100°C. The 
bismaleimide resin (Skybond 3000 supplied by Monsanto) was added 
to the DMF and the temperature returned to 100°C, when 
dicyandiamide and the bisphenol ("STTBBPA", a styrene terminated 
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tetrabromo bisphenol A, I.e., a vinyl benzyl ether of a brominated 
bisphenol A) were added to the mixture. The flask was heated to 
140°C and maintained at that temperature until the desired degree 
of reaction 1s reached. This was determined by sampling the 
5 'mixture and determining the gel time by stroke cure method on a 
cure plate. When the resin had a gel time of about 6-7 minutes at 
171°C, the reaction was stopped by cooling the flask. The flame 
retardent compounds were added and the resin was then ready for 
use. 



10 Example I 

A series of laminates were prepared with varying amounts 
of two bromine f lame-retardant compounds, octabromo di phenyl oxide 
according to the invention (samples 1-3) and for comparison 
tetrabromobisphenol A (samples 4-6). The composition of each 
15 resin, its processing into laminate, and the results of tests on 
the laminates are shown in the following tables. 
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TABLE A 







1 


2 


3 




Compos it ion 










Bismaleimide, grs. 


562 


645 


562 


5 


5TTSBPA, grs 


25 


29 


25 




Dicyandi amide, grs. 


11 


13 


1 1 




Octobromodipheny ' Oxide, grs. 


18 


35 


' ' 42 




Dimethyl formamide, grs. 


546 


640 


568- 


10 


Process i ng 










Kesi n sol i as 






tit 




Bromine * per Solids 


4.02* 


5.52* 


6,835 




Resin Gei Time at 171 deg. C 


355 sec. 


357 sec. 


367 sec . 




Resin Content 108 glass style 


60.6* 


62: ?* 


61 .6* 


15 


Resin Content 7628 style glass 


39. 5* 


40.8* 


38.8* 




Cure Time at 176 deg. C 


4 min. 


' 4 min. 


4 ml ft. 




Press Cycle at !76 deg. C 


2-1/2 hrs. 


2-1/2 hrs. 


2-1/2 hrs. 




Postbake at 218 deg. C 


16 hrs. 


16 hrs. 


16 hrs*. 


20 


Test Results 










Bromine * 


4.02 


5.52 


6.83 




Resin * (1) 


59.1 


62.2 


60.6 




Flow X (i) 


26.3 


29.6 


26*4 




Volati let (1) 


2.80 


..3 '58. 


4.57 


25 


Flemmabi lity-A (2) 










average 


3.2 


1.0 


0.7 




single high 


8.4 


3.9 


2.0 




Solder Blister-550 F (3) 


1169 


1044 


1165 



30 (1) Style 108 glass bonding sheet, target 62* + 5* resin; 30* i 5* flow; 4* maximum 
vol at? les 
(2) 8 ply style 7628 glass 

Target f l ammab i I i ty values are 2.5 seconds average and 5.0 seconds maximum for 
any one test. 

35 (3) 5 mil thickness, 2 ply style 108 glass, 1 02 copp r both sides, target 600 seconds 



WO 91/05002 



PCT/US90/03361 



12 
TABLE B 







4 


5 


5 




Composition 










« 

Bismaleimide, grs. 


562 


595 


666 


5 


5TTB8PA, grs 


25 


27 


30 




Dicyendl amide, grs. 


11 


12 


13 




Tetrabromobisphenol A, grs. 


26 


43 


68 




Dimethylformamide, grs. 


552 


600 


688 


10 


Processing 










Resin Solids 


53* 


53* 


53* 




Bromine * per Solids 


4. 05* 


5.42* 


6.79* 




Resin Gel Time at 171 deg. C 


309 sec. 


300 sec. 


275 sec. 




Resin Content 108 glass style 


60.91 


60.7* 


61.0* 


15 


Resin Content 7628 style glass 


41.71 


40.31 


42.6* 




Cure Time at 176 deg. C 


3-1/2 min. 


3-1/2 min. 


3-1/2 min. 




Press Cycle at 176 deg. C 


2-1/2 hrs. 


2-1/2 hrs. 


2-1/2 hrs. 




Postbokc at 218 deg. C 


16 hrs. 


16 hrs. 


16 hrs. 


20 


Test Resutts 










Bromine * 


4.05 


5.42 


6.79 




Resin * (1) 


60.0 


59.5 


59.3 




Flow * (1) 


26.0 


26.7 


28.3 




Volati le 1 (1) 


3.36 


4.46 


5.87 


25 


Flaamablllty-A (2) 










average 


3.0 


3.3 


2.3 




single high 


9*2 


11.0 


6.1 




Solder Blister-550 F (3) 


498 


215 


7 



30 (l) 5t Y !e 10a 9 (ass bonding sheets, targets 62* ♦ 5* resin; 30* + 5* flow; 4* maximum 
volati les 
(2) 6 ply style 7628 Glass, 

Target f I amiability values are 2.5 seconds av rage and 5.0 sec nds maximum for 
any one test. 

35 (3) 5 atll thi kness, 2 ply style 108 glass, 1 oz. copper both sides, target 600 s conds 
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It can be seen fro™ Table A thaV increasing the amount 
of octab^odiphenyl oxide reduces the 

to within the target range, while the solder bimert£ 

anoarentlv is not significantly affected. However, tetrabromo- 
apparently J content - does ^ 

5 • bisphenol. even at about the same «« 

, *u« nihility results effectively but at the same time 
reduce t f and percent volatlles results to 
reduces the S °^J^ it is concluded that the octabr OT o-d1 phenol 
unacceptable values, ix „i,h+w for the 

oxide is uniquely effective as a floe retardant additive for 

10 bistnaleitnide-based resins of the invents. 
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WHAT IS CLAIMED: 



1. A thermosetting resin composition 



(a) said bisimide having the formula: 



I! 



N 



N 



10 



1 



where: A comprises at least one of alkylene radicals having 1 

to 20 carbon atoms, cycloalkylene radicals having 4 
15 to 40 carbon atoms, heterocyclic radicals containing 

at least one of 0, S, and N, 
phenyl ene or polycyclic aromatic radicals. 
D is divalent radicals containing a carbon-carbon 
double bond 
20 (b) a polyphenol; 

(c) dicyandi amide, where the weight of (a), (b), and (c) are 
80 to 98%/l to 10%/ and 0.1 to 10%, respectively, based 
on the total weight of <a), (b), and (c) and (d) 
octabromodiphenyl oxide in an effective amount up to 

25 about 5 weight percent. 

2 # A thermosetting resin composition consisting 
essentially of: 

(a) a bismaleimide; 

(b) a bisphenol or a vinyl benzyl ether of a bisphenol; 
30 (c) dicyandi amide, and 

(d) octabromodiphenyl oxide. 
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3. A thermosetting resin of C1.1. 1 wherein the weights 
of (a), (b). and (c) are 94 to 981/1 to 2*/ and 1.5 to 3* 
respectively. 

4. A thermosetting resin composition of Claim 2 wherein 



5 (a) is: 



10 



II 



\ 
/ 



N — A — N 



C 
i 

0 



k I 

c 

B R 4 



15 



where: A » -C 6 H 4 -CH 2 -C 6 H 4 -, - 



20 



CH 3 
I 

CgH 4 -C-CgH 4 - . 
I 



*3 

I 

-CgH 4 -C-C5H 4 -, 
I 

CH 3 



25 



-C 6 H 4 -0-C 6 H 4 -0-C 6 H 4 -.-^0 




6"4- 



CH3 XH3 



-C 6 H 4 -C 6 H 4 -, -C 6 H 4 -, -C 6 H 3 CH r . 



30 



*3 
I 

C 6 G 4 -0-C 6 H 4 -C-C 6 H 4 -0-C 6 H 4 - . 

CF 3 



I 

-C 6 H 4 -C-C 6 H 4 -, 
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-C 6 H 4 -CH 2 -0-CH 2 -C 6 H 4 - , -C 6 H 4 -S-C 6 H 4 - f -C 6 H 4 -0-CgH 4 - 





CH 3 


CH 3 


CH 3 


CH 3 




1 


1 




1 




-CgH 4 -C-C 6 H 4 - 


-C-CgH^j-,— 






10 


1 


i 




i 




CH 3 


CH 3 


CH 3 


CH 3 






CH 3 







15 



CH 3 CH 3 



-C 




CH 3 CH 3 



I 

-C 6 H 4 -0-C 6 H 4 -C-C 6 H 4 -0-C 6 H 4 - 

I 

CH-, 



20 



R lt R 2 - R 3« R 4 = H « CH 3' C 2 H 5' C 3 H 7» C 4 H 9' C 5 H 11 



(b) is 



B. 



25 



2 0 





0 Z 



where: Z » H. CH 2 = CH-C g H 4 -CH 2 - 



30 



1 1 
E = CH 3 -C-CH 3 , OSO, 

I I 



I 

-0-, HCH, -S-, and a sigma bond 
I 



6 = H, Br. CH 3 
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A thermosetting resin composition of Claim 4 wherein 



(a) 1s 



H 
I 

C 



C 
I 

H 




CH. 



I 



N - C 6 H 4 -0-C 6 H 4 -C-C 6 H 4 -0-C 6 H 4 

I 

CH? 



- N 



0 

II 
C 



c 

II 

0 



H 



C 

i 

H 



15 



20 



and (b) is: 



HO 




CH- 



6 A flame resistant laminate comprising a reinforcing 
fabric and a thermosetting resin composition consisting 

essentially of: 

(a) a bismalelmlde; 

(b) a blsphenol or a vinyl benzyl ether of a bisphenol; 
25 ( C ) dlcyandlamide, and 

(d) octabromodl phenyl oxide. 

7 The flame retardant laminate of Claim 6 wherein the 
weight of ("a), 00. and (c) are 80-98*/! to 10*/ and oa to 10* 

30 respectively and (d) 1s present in an effective amount up to about 
5 weight percent. 
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8. The flame retard ant laminate of Claim 6 wherein 



(a) is: 



10 



ii 



c 

i 



\ 

I 

/ 



II »s 

/ ? 



N — A — N 



\ 



C 

II 

0 R 4 



15 



CH 3 
I 

where: A « -C 6 H 4 -CH 2 -C 6 H 4 -, -CgH 4 -C-CgH 4 - 

I 

CH, 



CF 3 

I 

-CgH 4 -C-CgH4- t 

i 

CH, 



20 



CH 



-C 6 H 4 -0-C 6 H 4 -0-C 6 H 4 -, [0 




25 



-CgH 4 -CgH 4 -, -CgH 4 - t -CgH 3 CH 3 - f 



CF 3 0 

-CgG 4 -0-CgH 4 -C-CgH 4 -0-CgH 4 -, -CgH 4 -C-CgH 4 -, 

I 

CF 3 
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10 



15 



-C 6 H 4 -CH 2 -0-CH 2 -C 6 H 4 -. -C 6 H 4 -S-C 6 H 4 -, -C 6 H 4 -0-C 6 H 4 



CH 




CH 3 CH 3 

I I 
-C 6 H 4 -C-C 6 H 4 -C-C 6 H 4 - , 

I I 
CH 3 CH 3 

CH 3 

I 

-C 6 H 4 -0-C 6 H 4 -C-C 6 H 4 -0-C 6 H 4 - 

I 

CH, 



CH 3 
I 

C — 
I 

CH 3 CH 3 



CH, CH 



C 6 H 4 " C 




CH, CH 



R X . R 2 . R 4 " CH 3' C 2 H 5« C 3 H 7« C 4«9' C 5 H 11 



(b) 1S 



20 



B« 



B. 



Z 0 




0 z 



where: Z « H, CH 2 « CH-C 6 H 4 -CH 2 - 



25 



! I 

E » CH 3 -C-CH 3 , 0S0, 

I I 



I 



-0-, HCH, -S-, and a slgma bond 
I 



30 



B * H, Br, CH 3 
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9. A flame retarding laminate of Claim 8 wherein (a) is 



0 0 
H € CH 3 J! 

K \ i / ^ 

I N - C 6 H 4 -O-C 6 H fl -C-C 6 H 4 -0-C 6 H 4 - N || 

H\ / CH 3 \ /H 

% " 

0 o 



and (b) is: 




Br 2 CH 3 Br 2 

I 




HO 1-0 -I C b 0 i OH 

! 

CH 3 

10. A flame retarding laminate of Claim 6 wherein said 
reinforcing fabric Includes glass fibers. 

11. A printed circuit board comprising the flame 
resistant laminate of Claims 6-10. 



INTERNATIONAL SEARCH REPORT 

iBternatloiul Application No^ 
T ~ m ggtci^**ATf f>M nr OB JECT MATTER 0» »^ **» """"" ^ 

Int CI 5 C08G73/12 ; C08F222/40 



PCT/US 90/03361 



II. FIELDS SEARaiED 



Classification System 



Int. CI. 5 



C08G 



Minimum Documentation Searched 7 

Classification Symbols 

C08F 



Documentation Searched other than , 
to the Extent that such Documents are Included in the Fields Searched 



HI. DOCUMENTS CONSIDERED TO BE RELEVANT 9 



Category 



p,x 



Ci tation of Document. " with tooicallon, »h«r« appropriat e, cf the rrtevam passages » 

WO,A,8910379 (ALLIED-SIGNAL INC.) 
02 November 1989 
see claims 1-11 

EP, A, 269392 (AMOCO CORPORATION) 01 June 1988 
see claims 1-8 

US, A, 4752641 ( KOYAMA ET AL.) 21 June 1988 
see claims 1-15 

EP.A.78039 (HITACHI, LTD) 04 May 1983 
see claims 1-7 



Relevant to Claim No.° 



1-11 



1-11 



1-11 



1-U 



° Special categories of cited documents : 10 
-A* document defining f he general state of the art which is not 

considered to be of particular relevance 
TT earlier document but published on or after the International 
filing date 

1/ document which may throw doubts on priority chM$) or 
which is cited to establish the publication date of another 
citation or other special reason <as specified) 
•O- document referring to an oral disclosure, use, exhibition or 
other means 

'P* document published prior to the International filing date but 
later than the priority date claimed 

IV. CERTIFICATION 

Date of the Actual Completion of the International Search 

09 NOVEMBER 1990 

International Searching Authority 

EUROPEAN PATENT OFFICE 



-T later document published afterth. 

or priority date and not la J'jS^SE^S^ST 
cited to understand the principle or theory underlying we 

invention 

document of particular relevance; the palmed invent I on 
c^noTbe considered novel or cannot be considered to 
Involve an Inventive step 
*Y* document of particalar relevance; t be daimd 

cannot be considered to Involve « ^^^f^rl d^ 
document Is combined with one "JJ^ ****** JSJw 
raeftts, such combination b«4ag obvtees to a person 5kn,M 

In the art. 

-A* document member of the same patent family 



Date of Mailing of this International Search Report 

1 0. VZ. 30 

Signature of Aothoriied Officer 



GLANDOIER A. 



Form PCT/ISA/210 (tecrmi th*0 



1*85) 



ANNEX TO THE INTERNATIONAL SEARCH REPORT 

ON INTERNATIONAL PATENT APPLICATION NO. pCT/us 90/03361 

SA 40024 

This annex lists the patent family members relating to the patent documents cited in the above-mentioned international search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely eiven for the purpose of information. 09/11/90 



Patent document 
cited in search report 


Publication 
date 


Patent family 
ineniber(s) 


Publication 

date 1 


WO-A-89 10379 


02-11-89 


US-A- 


4876325 


24-10-89 


EP-A-269392 


01-06-88 


US-A- 
JP-A- 
US-A- 


4774282 
63170419 
4861823 


27-09-88 
14-07-88 
29-08-89 


US-A-4752641 


21-06-88 


JP-A- 


60184509 


20-09-85 


EP-A-78039 


04-05-83 


JP-A- 
US-A- 
US-A- 


58071924 
4482703 
4546168 


28-04-83 
13-11-84 
08-10-85 



2 



o 

u For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



